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Method for Testing an Appliance comprising an Audio Port, and 
a respective Appliance 

FIELD OF THE INVENTION 

The invention relates to an appliance comprising an audio port 
and a method for testing of the appliance. It relates in par- 
ticular to a set-top box or a digital satellite receiver with 
two audio ports for a stereo output signal. 

BACKGROUND OF THE INVENTION 

Set-top boxes and digital satellite receivers are widely used 
for reception of digital television cable programs or satel- 
lite programs and operate usually with a smart card to allow 
also a decoding of scrambled pay television channels. Smart 
cards, also known as IC cards, are portable information media, 
having the size of about a credit card. In this description, 
the expression set -top box will be used for describing an ap- 
pliance for receiving digital and/or analogue television pro- 
grams via cable, satellite, or via terrestrial reception. 

Set -top boxes are complex digital appliances, which need ex- 
tensive testing during production and also occasionally ser- 
vicing after sales due to its highly integrated digital archi- 
tecture. It is known to provide a digital set-top box with a 
so-called FFT interface for allowing factory functional tests 
(FFT) . This is a tool, which gives the capability to drive the 
set-top box hardware through its low level drivers by using an 
external computer, for example a PC. The computer is coupled 
via a standard RS232 serial connection to the set-top box, 
which comprises a respective port for example on the rear 
panel. This tool allows easy access during the factory proc- 
ess, especially for the consumer test after production of the 
appliance, when the box is closed. It is also very useful for 
after sales diagnostics or development tests too. 
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The size of the set -top boxes is shrinking more and- more as 
the level of integration in the integrated circuits increases. 
But especially so-called SCART connectors, being used widely 
5 in Europe, consume a considerable amount on the rear panel, 
and the smaller the set-top boxes are, the fewer places are 
available for connectors. For the basic operations of a set- 
top box at least video and audio connectors have to be pro- 
vided, with an audio reproduction usually in stereo, and re- 
10 spective connectors have to be provided on the rear panel of 
the set-top box, either in the form of individual connectors, 
in a unique connector having several pins each one dedicated 
to a specific signal, or in a combination of individual and 
mixed connectors . 

15 

In the earlier European application 022918329.0 a method for 
testing of an appliance is disclosed, which uses a test 
adapter being introduced into a smart card reader of the ap- 
pliance for testing of the appliance. This allows to avoid the 
20 RS232 interface, but it is not possible to test the normal op- 
eration of the appliance with a smart card, when using this 
test procedure. For the testing of all functions of a set-top 
box, the computer link must not be exclusive with any other 
standard function being provided by the set -top box. 

25 

SUMMARY OF THE INVENTION 

According to the invention, an existing audio port of the ap- 
pliance is used as an interface for testing of the appliance. 

30 In particular, the ports of the stereo output of the appliance 
are used. In a preferred embodiment one port of the stereo 
output is used for a reception of digital signals from a con- 
trol computer and the other port is used for a transmission of 
digital signals from the appliance to the control computer. 

35 This allows a serial connection, which is compatible with the 
widely used RS232 link for set-top boxes. 
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The separation of the test signals and the audio signals is 
performed via a test adapter being coupled between the appli- 
ance, the control computer and an amplifier for the audio sig- 
nals. Utilizing high pass and low pass filters, the audio sig- 
nals and the test signals can be easily separated in the test 
adapter and the appliance, allowing therefore the complete 
functionality of the appliance, when testing the appliance. 
Advantageously an already existing quartz oscillator of the 
appliance is used for modulating digital data onto a carrier 
signal with a frequency of above 20 kHz, for example a fre- 
quency within the frequency range of 1 - 10 MHz. 



The invention is particularly useful for testing of set-top 
boxes, which are often provided with the RS232 standard link, 
but may be used also for testing of any other digital appli- 
ances, for example video recorders and audio systems, which 
comprise usually also at least one audio port. 



BRIEF DESCRIPTION OF THE DRAWINGS 



The invention is now explained by way of preferred embodiments 
and with reference to schematic drawings, which show: 



Fig. 1 a test set up for testing of a set- top box, 
Fig. 2 a block diagram of an interface board and related cir- 
cuit elements of a set-top box, 
Fig. 3 digital signals modulated onto a carrier signal, and 
Fig. 4 a data string of a test sequence for a set -top box. 



DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS 

In figure 1 a test setup for a digital set-top box 1 is shown, 
the test setup comprising a control computer 3 and a test 
adapter 2 serving as an interface between the set-top box 1 
and the control computer 3. The test adapter 2 consists in 
this embodiment essentially of an interface board, which pro- 
vides a data transmission between an audio port of the set-top 
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box 1 and the control computer 3. In this embodiment, the con- 
nection is performed via an audio cable 4 and an RS232 cable 5 
for providing a serial data connection in both directions be- 
tween the set -top box 1 and the control computer 3. 

5 

The test adapter 2 comprises further an analog audio output, 
which can be coupled via a cable 6 to an audio amplifier (not 
shown) for a reproduction of audio signals via loudspeakers. 
The test setup may comprise further a power supply 7 for pro- 
10 viding the test adapter 2 with a supply voltage, for example 
3,3 V or 5 V. As an alternative, the test adapter 2 may be 
powered by the set-top box 1, as explained below. 

The test adapter 2 can be for example a simple circuit board 
15 comprising electrical circuits for the separation of the ana- 
log audio signals and digital test signals and comprising re- 
spective plugs for the audio cables 4 and 6 and for the RS232 
cable 5. The set-top box 1 therefore does not need the up to 
. now widely used RS232 port for the connection to the control 
20 computer 3. With a test setup as shown in figure 1, the full 
functionality of the set-top box 1 is provided during all of 
the test procedures, as before with the RS232 port on the rear 
panel of the set -top box. 

25 As the audio cables 4 and 6 conventional analog audio cables 

are used, for example with RCA connectors, via which the audio 
signals of the set -top box 1 are transmitted in the low fre- 
quency range of about 20 Hz to 20 kHz. With the test adapter 
2, the digital test signals from the control computer 3 are 

30 modulated onto a high frequency signal, for example onto a 
carrier frequency of about 1-10 MHz, and which is demodu- 
lated in the set -top box 1 by a demodulator. The low frequency 
and the high frequency signals can be easily separated in the 
test adapter 2 and the set -top box 1, for example with simple 

35 low pass and high pass filters. The response of the set-top 
box 1 to the test signals of the control computer 3 is modu- 
lated via an oscillator of the set-top box 1 onto a carrier 
frequency and transmitted via the audio cable 4 to the test 
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adapter 2, demodulated in the test adapter 2 and subsequently 
transmitted via cable 5 and test adapter 2 to the control com- 
puter 3 . 

In particular, the set-top box 1 comprises two audio output 
ports for stereo output signals and the test adapter 2 two re- 
spective audio ports for a connection to the set-top box 1. 
One audio port is used for a transmission of test signals from 
the control computer 3 via the test adapter 2 to the set -top 
box 1 and the other audio port is used for a transmission of 
the response of the set -top box 1 to the control computer 3 
via the test adapter 2 . 

A schematic block diagram of the respective circuits of the 
test adapter 2 and the set-top box 1 is shown in figure 2. The 
test adapter 2 comprises an interface board 10, which has two 
audio ports 11 and 12 for a connection to left and right ste- 
reo output ports 13 and 14 of a set-top box 1 to be tested. 
The interface board 10 comprises further audio ports 15 and 16 
for a connection to a respective amplifier and an RS232 port 
17 for a serial connection to a respective control computer. 
Test signals from the control computer are buffered in a 
buffer stage 18 and then modulated onto a high frequency car- 
rier utilizing an oscillator 19 for a transmission to the set- 
top box 1 via the audio ports 12 and 14 . 

The test signals coming from the interface board 10 are cou- 
pled via a high pass filter 20 to a detector 21, which sepa- 
rates and extracts the digital test signals from the high fre- 
quency carrier, followed by a discriminator and buffer stage 
22. Then the test signals are coupled to a central processing 
unit (CPU) via a serial RS232 receive terminal 23, as known 
from prior art. 

The response signals from the CPU are coupled via a RS232 
transmit channel 24 with a high frequency signal of an oscil- 
lator 25 for modulating the digital signal onto a high fre- 
quency carrier. This signal is then coupled via a high pass 
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filter 2 6 to the output port 13 of the left audio output chan- 
nel of the set-top box 1 for a transmission to the audio port 
11 of the interface board 10. On the interface board 10 the 
modulated carrier signal is separated via a high pass filter 
5 2 7 from the left audio signal and demodulated via a detector 
28. The output signal of the detector 28 is then transmitted 
via a discriminator 29 , the buffer stage 18 and the RS232 port 
17 to the control computer. 

10 The audio output signals of the left and right stereo channels 
31 and 32 of the set-top box 1 are coupled via DC-cut capaci- 
tors 33, 34 and low pass filters 35, 36 as DC free low fre- 
quency signals in the known audio frequency range of 2 0 - 2 0 
kHz to the audio output ports 13 and 14 . On the interface 

15 board 10, the audio signals are coupled via low pass filters 
37, 38 and DC-cut filters 39, 40 to the audio output ports 15 
and 16, for a transmission via an audio cable to an audio am- 
plifier . 

20 The carrier frequencies of the oscillators 19 and 25 can be 

provided by any quartz oscillator having for example an oscil- 
lation frequency in the range of 1 - 10 MHz, and do not need 
necessarily to have the same frequency. Because of the large 
frequency separation of the low frequency audio signals and 

25 the high frequency carrier signals, very simple low pass and 
high pass filters 20, 26, 27, 35, 36, 37, 38 can be used, for 
example simple passive resistor/capacitor (RC) filters. 

The power for the active circuits of the interface board 10 
30 can be provided for example by a separate power supply, as ex- 
plained with regard to figure 1. The supply voltage may be 
provided also by the set-top box 1, as will be explained now 
with regard to figure 2 . 

35 When the set-top box 1 is switched on, the oscillator 25 is 
activated for checking whether an interface board 10 is con- 
nected or not. When an interface board 10- is connected, a re- 
lay 3 0 of the interface board 10 or any other switch, which is 
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closed without power, couples the ports 11 and 12 together. 
Then there exists a closed loop between the ports 13 and 14 of 
the set-top box, and the detector 21 and the discriminator 22 
of the set -top box 1 receive therefore an unmodulated oscilla- 
5 tor signal of oscillator 25. 

To the discriminator 22 an integrator 41 is coupled, to which 
a logic circuit 42 is coupled. When a carrier frequency is 
present at the detector 21, then the integrator 31 provides a 

10 signal to the logic circuit 32, which closes a switch 43, for 
providing a supply voltage to the interface board 10. In this 
embodiment, the switch 34 by-passes the DC-cut capacitor 34 
between the audio output amplifier 32 and the low pass filter 
36, for utilizing the DC level of the audio amplifier 30. This 

15 DC power can be easily handled by the amplifier 30, because 
the required power for the interface board 10 is very low. 

The interface board 10 comprises a voltage regulator 44, which 
is then powered via a low pass filter 45 by the DC supply 

20 voltage coming from the set -top box 1, and the voltage regula- 
tor 44 provides then all the active circuits of the interface 
board 10 with the respective supply voltage. The voltage regu- 
lator 44 opens also the relay 3 0 for opening the loop between 
the audio ports 13 and 14. Then the interface board 10 is 

25 fully operational and ready for the testing of the set -top box 
1 . 

When there is no interface board coupled to the set -top box 1, 
when switching on the set -top box, there is no loop between 
30 the ports 13 and 14. The set-top box then recognizes, that no 
interface board is connected and switches off therefore the 
oscillator 25 for a normal operation of the set-top box 1. 

When the set -top box 1 recognizes the connection of the inter- 
35 face board 10 via the closed loop, the set-top box 1 goes into 
a test mode and waits for digital command signals provided by 
a control computer being connected to the interface board 10, 
as explained with regard to figure 1. Because the RS232 port 
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17 of the interface board 10 is complying with the RS232 stan- 
dard, the interface board 10 is transparent for the control 
computer and no hardware or software of the control computer 
has to be changed for the testing of the set-top box 1. Be- 
5 cause the modulated carrier signals and the audio signals are 
separated on the interface board as well as in the set-top 
box, the set-top box remains fully functional, when using the 
interface board 10 for the test. Also the stereo output sig- 
nals of the set -top box 1 can be included in the tests, when 
10 coupling an audio amplifier to the audio output ports 15 and 
16. The interface board 10 is designed to be complying with 
the usual set-top box specifications with regard to the audio 
outputs, which provide for example an output impedance between 
3 00 Q and 1 kQ. 

15 

The choice of the carrier frequency of the oscillators 19 and 
25 is directly related to the serial link baud rate. A ratio 
between the bit duration and the carrier period larger than 10 
is a good basis for a reliable operation. Also, the carrier 

20 frequency should be about 2 0 to 5 0 times higher than the maxi- 
mum audio frequency of the set -top box in order to guaranty an 
easy and low cost audio and RF carrier frequency separation in 
the set-top box 1 and on the interface board 10. In the set- 
top box 1, an already available oscillator 25 with a frequency 

25 around 4 to 5 MHz can be used for example for the modulation 
of the transmit digital signals coming from the CPU of the 
set-top box 1. The oscillator 19 of the interface board 10, 
which modulates the digital signals coming from the control 
computer onto a carrier frequency, may work in the same fre- 

30 quency range . 

With these frequencies, a maximum baud rate of about 400 kHz 
can be easily handled by the interface board 10 and the set- 
top box 1. A typical baud rate for testing of a digital set- 
35 top box via a RS232 connection is usually not above 115,3 ki- 
lobaud. 
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The modulation of the digital signals onto a RF carrier fre- 
quency is now explained with regard to figure 3 . The carrier 
frequency is on/off modulated by a switch, to which the digi- 
tal signals are applied. A logical value "0" is represented by 
5 RF carrier off, and a logical value "1" is represented by the 
RF carrier on. The test signals can be transmitted then bit by 
bit in data words comprising for example each 8 bit of infor- 
mation and a parity bit . 

10 An example of a basic character format of this type is shown 
in figure 3a: If no information has to be transmitted and the 
transmit channel is- in a wait state, the RF carrier signal is 
present. Then at a time tl starts an information transmission. 
The modulated data word comprises a first bit, which is always 

15 "0", and then 8 data bits with values w 0" or respec- 
tively. At a time t2 a parity bit is transmitted providing the 
parity information for the data bits 1 to 8, and then a "stop" 
information is provided with carrier frequency on. 

20 All bits have the same defined time length and because the 

time period of the carrier frequency is about one tens of the 
duration of one bit, a bit with value "1" comprises therefore 
about ten oscillation cycles of the carrier frequency. One 
byte of information having for example the bit sequence 

25 "11011101" leads therefore to an envelope signal for the modu- 
lator as shown in figure 3b. The resulting modulated carrier 
signal for the character value of figure 3b is shown in figure 
3c . 

30 Defining the level of the carrier frequency in this manner al- 
lows the set-top box 1 to constantly monitor the reception of 
data from the control computer during a time much longer than 
the transmitted bits and to decide whether the interface board 
was removed or not. When the carrier frequency is no longer 

35 detected via the detector 21, then the carrier frequency pro- 
vided by the oscillator 25 is switched off and the set -top box 
returns to a normal mode of operation, in which the RS232 link 
is disabled. 
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There are several possibilities to detect the presence of a 
test adapter by the set-top box 1: One possibility is that the 
set -top box comprises a test adapter presence detector 46, as 
5 indicated in figure 2, which is always on for detecting any 

carrier signal being applied to the audio output 14 and to the 
detector 21. A further possibility is to use the carrier sig- 
nal from the oscillator 25, for example after the set- top box 
1 is powered on, to observe a loop between the audio ports 13 
10 and 14, and when the loop is closed, to initialize the set-top 
box 1 for a test modus, in which the set -top box 1 is ready 
for tests in combination with a control computer. 

An example for a test sequence for the set -top box 1 is ex- 
15 plained with regard to figure 4 : in figure 4a a modulated car- 
rier signal is shown with N+2 characters 1, ... , N + 2 with a 
sequence of serial data bits providing test information. The 
carrier signal is modulated as explained with regard to figure 
3 . 

20 

In figure 4b the response of the set -top box 1 to the carrier 
signal of figure 4a is shown. When the set- top box receives a 
carrier signal with information characters, the set -top box 
assumes, that an interface board is connected to the set -top 

25 box for a testing of the set -top box. The set -top box 1 then 
goes into a test mode, in which the set -top box 1 responds to 
the information data from the control computer 3 and provides 
respective test results via the audio port 13 to the control 
computer 3 . When the carrier signal is no more present or no 

30 more detected, the set-top box 1 assumes after a time out in- 
terval that the tests are finished and that the interface 
board 10 is removed. 

The various functions needed within the set-top box for estab- 
35 lishing the RS232 link via the audio output ports 13 and 14 

can be done at very low cost . Low cost high pass and low pass 
R/C filters can be used comprising only a resistor and a ca- 
pacitor. As the detector 21 a diode and a capacitor can be 
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used, and for generating the carrier signal an already avail- 
able oscillator 25 within the set-top box can be used. The 
modulator can be arranged also in a simple manner, because 
only an "on/off" modulation of the carrier frequency is used 
5 for the transmission of the information data. The modulation 
can be performed for example by a simple resistor switch, 
which switches the carrier signal on and off in response to 
the data to be transmitted. The power to the interface board 
1.0 can be provided by the set -top box 1 also with only a few 
10 low cost elements, as explained above with regard to figure 2. 
As an alternative, the interface board 10 can be powered by an 
external power supply, as explained with regard to figure 1, 
when the costs of the set-top box have to be kept to a mini- 
mum. 

15 

The present invention is not limited to the embodiments as 
shown and described with regard to the figures, and various 
modifications available come possible for those skilled in the 
art without departing from the scope of the invention. Data 

20 transmission and reception may be arranged also via one audio 
port only, when using two carrier signals with frequencies, 
which are sufficiently different for a separation in the set- 
top box and the interface board. The present invention may be 
utilized in particular also for digital surround amplifiers, 

25 DVD players or DVD recorders, digital television sets and any 
other digital equipment comprising at least one audio port, in 
a manner similar as described above for a set -top box. 
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